utility of TK3 eBooks in the context of authoring and distributing dermatology course content for use by second-year medical students at the University of Utah School of Medicine during the spring of 2004. We incorporated all dermatology course content into TK3 eBook format. TK3 eBooks enable students to personalize information through tools such as "notebook," "hiliter," "stickies," mark pages, and keyword search. Students were given the course content in both paper and eBook formats. At the conclusion of the dermatology course, students completed a questionnaire designed to evaluate the effectiveness of the eBooks compared with paper. Students perceived eBooks as an effective way to distribute course content and as a study tool. However, students preferred paper over eBooks to take notes during lecture. In conclusion, the present study demonstrated that eBooks provide a convenient method for authoring, distributing, and using course content but that students preferred paper to take notes during lecture.
computer-assisted learning; dermatology; electronic book; human anatomy THE COMPUTER has globally influenced education as a document medium (1) . In 2003, ϳ76% of all children in America lived in a household with a computer, and 83% of the 57 million enrolled children used a computer at school (3) .
Medical education, whether didactically based such as physiology or dermatology lectures or clinically based such as residency programs, have also been impacted by advancements in computer-based media (5) . The method by which professors author and distribute course content (e.g., lecture notes, images, video, and audio) is undergoing significant change through resources such as Microsoft PowerPoint (12) , computer programs (11) , CD-ROM (14) , and the internet (4), to name a few. Some health professional schools have a mandatory laptop computer requirement to correspond with their e-curriculum (6) . Each year, student demand for computerbased course content is increasing (16) .
Course content is usually presented to students through a combination of paper and web-based media. Word processing software (i.e., Microsoft Word) has facilitated the distribution of lecture handouts and study aids both on paper and electronically. Typically, students prefer paper lecture handouts to follow lectures and personalize the content for self-study through note taking, highlighting, and marking pages (10) . Although paper enables users to personalize content, paper does not enable multimedia components.
Web authoring software has become less expensive and easier to use, making the web an effective and convenient means for authoring and distributing course content, including multimedia content. The web enables all aspects of multimedia technology, such as text, color, animation, and sound. The web also includes the convenience of accessing information with a computer when the internet is available. However, with all of the benefits of the web, users are still unable to personalize web content as they would with paper.
The pedagogical problem addressed by our study is how to efficiently blend, into one document, the advantages of paper content for a course, which enables students to personalize content through highlighting and note taking, and electronic content, which incorporates multimedia, interactive elements for students to gain a greater perspective. The need for addressing this problem is growing as educational institutions, including medical schools, shift to an electronic delivery of course content (8, 17) . The potential solution we investigated was electronic books (eBooks). eBooks became a focus of our study because all course content could be wrapped into a single, self-contained, electronic format (an eBook file) and distributed via a CD or the internet. Earlier eBooks required the use of special hardware to view digital text and images. eBooks requiring hardware, such as Gemstar, were not commercially successful (9) . Other commercial entities, such as Adobe, also have experimented in the eBook field by introducing "Adobe eBook Reader." Adobe eBook Reader opened portable document format (PDF) files and viewed them within the reader (15) . Adobe eBook Reader enabled the user to view color digital images and to personalize content by highlighting text, adding electronic "stickies," zooming in/out, and hyperlinking content to the web, if the computer was connected to the internet. However, the insertion of self-contained multimedia elements, such as audio, video, and animation, was not possible. As a result, we investigated software developed by Night Kitchen (New York, NY; www.nightkitchen.com) that introduced the TK3 eBook (7) . "TK3 Author" is web-based software for authoring multimedia TK3 eBooks. TK3 Author software enables the user to incorporate text, color digital images, audio, video, and animations, using drag-and-drop techniques, and publish a multimedia eBook. eBooks are viewed by "TK3 Reader," which is freeware. TK3 Reader enables the viewer to personalize content by highlighting, inserting electronic stickies, and creating electronic notebooks as well as by searching for keywords, linking to the internet, and marking pages for future reference.
The objective of our study was to assess the utility of TK3 eBooks in the context of authoring and distributing dermatology course content for use by second-year medical students. We authored original content and posted it on our course website for the students to use during lectures and for selfstudy. At the conclusion of the course, an Institutional Review Board-approved questionnaire was used for student assessment. The principal results showed that authoring was easy and intuitive, and student use was extensive. However, student preference for eBook versus paper educational material depended on the educational setting. Students preferred the eBook to receive course content in its full variety and for self-study. On the other hand, they preferred paper lecture syllabus content for use during lectures, especially for taking notes. We conclude that TK3 eBooks offer a reasonable approach to author and distribute course content electronically for use by students. We speculate that student use of such content will increase as more students acquire portable computers and get accustomed to lectures with interactive electronic media.
METHODS

Software.
To author, distribute, and use TK3 eBooks, both "TK3 Author 1.1" and "TK3 Reader 1.1" software were needed. Both software were developed and marketed by Night Kitchen. TK3 Author is commercial software and is used to create and publish TK3 eBooks, whereas TK3 Reader is freeware used to open, view, and personalize TK3 eBooks. Night Kitchen provides customer support and tutorials for both TK3 Author and TK3 Reader.
Curriculum information. The first 2 yr of medical school training at the University of Utah School of Medicine cover the basic sciences. The first year curriculum includes gross anatomy, embryology, histology, psychiatry, biochemistry, genetics, physiology, pharmacology, pathology, microbiology, and immunology. The second year curriculum includes neuroscience, cardiovascular, geriatrics, musculoskeletal, pathology, pulmonary, dermatology, gastroenterology, nephrology, pediatrics, reproductive, endocrinology, and hematology oncology. No course uses a centralized course management system (such as WebCT); however, each course offered during the first 2 yr includes web content that organizes the course via a schedule. All but two courses during the first year and two courses during the second year have their own website that offers additional electronic course content, including PowerPoint lectures, URLs to other websites, flash cards, old exams, animated tutorials, images, clinical cases, and other e-learning content.
Course information. We created a TK3 eBook for the dermatology course taught to second-year medical students at the University of Utah School of Medicine. The dermatology course is taught over 4 days, with the final examination on the fifth day. The course consists of 12 1-h lectures, clinical applications, and a medical procedure laboratory session. The course's content includes PowerPoint lectures, paper lecture handouts, digital images, video clips, clinical cases, and a variety of supplementary websites. Our goal was to incorporate the course content into a central resource: a TK3 eBook. Our study was conducted in the spring of 2004.
Study subjects. One hundred and four second-year medical students enrolled in dermatology at the Univeristy of Utah School of Medicine were invited to voluntarily participate in the study; 91 of the 104 students (88%) participated. Each participating student owned and used either a desktop and/or laptop computer. We did not assess computer proficiency and presumed that proficiency was not equivaphrases with yellow or green color ("Hilite tool"), insert boxes of text on pages ("Stickies tool"), electronically mark pages for future reference ("Mark pages tool"), search the entire eBook for keywords ("Find tool"), and view the history of pages and media viewed ("History tool") in the exact order viewed ("Retrace tool") as well as hyperlink to images, video, and specific sites on the internet ("Hotlinks tool") (Fig. 2) .
Student assessment of eBooks. One hundred and four second-year medical students were enrolled in the dermatology course in the spring of 2004; 91 of the students participated in our eBook project and completed the questionnaire at the conclusion of the course. The mean age of the participating students was 28 yr (range: 23-42 yr old), with 58 men and 33 women. A sampling of the evaluation statements on the questionnaire are shown in Table 1 . A 7-point Likert scale was used to evaluate the aspects of the dermatology eBooks ranging from 1 (strongly disagree) to 7 (strongly agree).
Students indicated that eBooks were an effective way to distribute course content, with a mean score of 5.1 Ϯ 1.6 of 7 (Fig. 3A) . When the subjects were asked if eBook lecture notes were an effective self-study tool, their mean response was 5.6 Ϯ 1.4, indicating that they preferred eBooks as a self-study aid (Fig. 3B) . On the other hand, students did not favor using eBooks during lectures. For example, students disagreed with the statement that eBooks provided an effective means to take notes during lecture (3.2 Ϯ 1.8; Fig. 3C ). Thus, students disagreed with the statement that they preferred the eBook over paper lecture notes (mean score of 3.2 Ϯ 1.9; Fig. 3D ). Students were asked to evaluate whether TK3 Reader tools, such as the "Hilite tool" and "Stickies tool" were helpful. Student perceptions of the tools were either neutral or favorable (see Fig. 4 ). From the qualitative survey, 19 students noted that regardless of the annotation tools, to annotate and take notes on a computer screen was more difficult than it was on paper. In fact, 11 students commented that they never used the annotation tools provided by TK3 eBook Reader. As one student commented, "I like to write things down during lecture because I can write my thoughts faster and more efficiently than I can type . . . but maybe I am just old fashioned." Forty-seven students indicated that one of the advantages of the eBook was the availability of the images. These students indicated that it was helpful to have so many images organized into one study tool and that the images were accessible without need to connect to the internet. Twelve students indicated that the eBook was a good addition to paper but did not replace paper. As one student indicated, "it is a good resource to have, but the most critical resource is still the paper syllabus." Twenty-eight students commented that a disadvantage of the eBook was the need to have a laptop computer to benefit from the eBook during lecture. Sixteen students commented that the eBook could not replace paper and that they disliked reading on a computer screen for long periods of time. Comments about the eBooks ranged from describing the success of the course "much owing to the eBook" to comments that the eBook made the course "harder for me."
DISCUSSION
We investigated whether eBooks are a potential solution to incorporate advantages from both paper and electronic multimedia technology for designing, distributing, and using medical school course content. As a result, we designed TK3 dermatology eBooks for second-year medical students. The dermatology course was conducted over a 5-day period. The study was designed to subjectively assess if eBooks were an effective way to distribute course content, if eBooks were an effective study tool, if eBooks were an effective way to record lecture notes during class, and if students preferred eBooks over paper for lecture notes. From the results of the qualitative questionnaire, TK3 eBooks were perceived as an effective way to distribute course content. Students also liked the eBooks as a self-study tool. The majority of students preferred paper over eBooks to take notes during lecture, either because recording notes electronically did not feel as natural as using paper or Fig. 2 . Screen capture of TK3 Reader user tools. The tools include the following: hyperlinks (red text), the "hilite" tool (yellow), and "stickies" (green). The notebook tool is opened in the top right corner, and the "find" tool is opened in the bottom right corner as is the history of activity tool. The "marked pages" tool displays "dogeared" pages, the locations of "stickies" and "hilites" (observe the "marked page" at the top right corner). because not all participating students owned laptop computers. However, many of the latter students commented on the questionnaire that even if they owned a laptop computer, they still preferred to use paper because that is what they are used to. Students indicated a strong attachment to paper when taking notes during lecture, thus supporting student perceptions from another study (10) . Students also commented that they prefer to read from paper as opposed to from a computer screen, which also supports other findings (13) .
A limitation of our study is that we introduced a novel educational tool after 1.5 yr of medical school. In other words, medical students within the University of Utah School of Medicine system were already accustomed to using paper to record notes during lecture. Our project introduced an additional resource that was only available for 1 wk during one medical school course. We predict that students' perception and use of interactive electronic lecture notes may change once they are accustomed to them. One of our intentions is to address that possibility by following up this study as more courses adopt interactive electronic lecture notes/content.
A strength of TK3 eBooks is they provide a venue for all course content, including the multimedia elements of the web, in one central source. However, to benefit from this feature of TK3 eBooks during lecture, a portable laptop computer is required. We do not know the number of students in the study who owned a laptop computer; however, only six medical students consistently brought laptop computers to lecture, despite being given advance notification about the TK3 eBook content for the course. Our medical school does not require that students acquire a laptop computer. TK3 eBook software does not operate on all portable computer devices, however. For example, the software is incompatible with tablet laptop computers and with personal digital assistants (PDAs). Also, TK3 users are limited to using the keyboard to enter data. Even though using a stylus is not an option for managing information, users still have the ability to personalize the content using the software tools in TK3 Reader. Users can "hilite" keywords and phrases and insert "stickies" anywhere on an eBook page; the "notebook" feature enables students to record information as though they were using a paper notebook; and users can mark pages for later reference. Student opinion of the TK3 Reader tools were either favorable or neutral (Fig. 4) . Perhaps the reason that the overall opinion about the TK3 Reader tools was neutral reflected how students today use and rely on paper content. Another reason may be that students today are not as comfortable or adept at using computers to access electronic content during lectures.
In addition to the mentioned attributes of a TK3 eBook, the author has the ability to publish the TK3 eBook through the internet, CD-ROM, and/or DVD-ROM. The author can program the eBook to expire after a certain date, disable printing and copying if s/he so desires to include protection against copyright infringement.
Interactivity is an essential element of a computer-assisted instructional tool because interactivity engages the learner with the educational material. Interactivity should incorporate interactions between the learner and interface, learner and content, learner and instructor, and learner and learner (2) . TK3 eBooks incorporate interactions among these four elements. The learner-interface interaction occurs through the standard TK3 "Tools" menu along the left, vertical, or bottom horizontal border of each eBook page. Interactions include buttons such as next page, previous page, key word search, hiliter, stickies, notebook, page mark, contents, retrace, history, and help. The learner-content interaction occurs by providing text, graphics (photographs, drawings, histology slides, etc.), and video and audio files directly on a page or through a hyperlink. Links to other websites containing related learning materials and educational sites are also included. Learner-instructor interactions are limited to e-mail links to the instructors and web master. Learner-learner interactions are cumbersome but available.
Students can save "stickies" and/or "notebook" pages from TK3 Reader and then e-mail them to another student who is also using TK3 Reader. For example, if a student missed lecture, a fellow student could email his/her "stickies" and/or "notebook" pages from within his/her TK3 Reader to the absent classmate. The absent classmate could then import the "stickies" and/or "notebook" pages into his/her own TK3 Reader.
TK3 eBooks are cross platform and can be distributed over the web and downloaded to any PC or Mac laptop or desktop Fig. 4 . Student perceptions of TK3 Reader user tools. A: the "Stickies" tool. Stickies add unlimited numbers of "stickie" notes to a page or pages. B: the "Find" tool. This allows a search for a word and/or phrase in the body text, annotation, notebook, and stickies. Users can export personalized reader marks (stickies, hilites, and dogears) and send them to another TK3 eBook Reader user. C: the "Mark pages" tool. This tool marks any page by clicking on the top right corner for future reference, like placing a tape flag on a page. D: the "Hotlinks" tool. This tool hyperlinks text or an object to a URL or a graphic, such as an image, text box, or video clip. E: the "Notebook" tool. Students can write in the notebook and export parts or the whole notebook to a friend, word processor, or printer. They can also insert any part of the TK3 document (text and media elements) into the notebook for future reference. F: the "History" tool. The history lists each of the pages in order that the user visited, listing the most recent page first. G: the "Hilite" tool. This tool highlights words and passages with different colors. H: the "Retrace" tool. This tool allows students to return to the previous page(s) viewed in the eBook by clicking on the retrace tool.
computer. The laptop design enables students to access the TK3 eBook, making the course content conveniently portable, instead of carrying notebooks, textbooks, and atlases. Also, TK3 eBook content is not static. eBooks can be updated, rewritten, and corrected to keep the content current. This is an important attribute because printed documents are static, and, as a result, more effort and cost are incurred to revise and reprint the printed document again.
In conclusion, our study demonstrates that eBooks provide a convenient method for authoring, distributing, and using course content. Students expressed their preference for eBooks due to a central location for course content as well as the convenience in accessing the content. They strongly agree that TK3 eBooks are a helpful ancillary study tool. However, the group of students involved in this study still preferred paper to take notes during lecture. Our study emphasizes the strengths that eBooks have in authoring and distributing the course content from a teacher's side and the effective interactive elements of eBooks on the student's side. A future step will be to determine if students in years to come still prefer paper to take notes during lecture or if students will gradually become accustomed to using computers during lectures. We are tracking students annually to determine if such a transition occurs. For example, our gross anatomy course consists of 38 lectures, with 30 associated cadaver laboratory sessions that are taught over a 3-mo period of time. All course content is provided to the first-year medical students as paper content. In addition, an eBook version of the course content is provided to students who prefer computers. In the gross anatomy course, we instruct students about the eBook and let them use it on their own. Each year, 6 -12 students use the eBook exclusively. Thus far, we have observed that most students use a combination of both paper and electronic content. Because students continue to use eBooks to access and interact with course content, we will assess correlations between student performance on standardized tests, such as United States Medical Licensing Examinations, and use of technology, such as eBooks, during medical school education.
